diutinum), and the current status of the disease and patient. This clinical investigation was conducted in accordance and compliance with all statutes, directives, and guidelines of the Code of Federal Regulations Title 45, Part 46, and the Department of Defense Directive 3216.2 relating to human subjects in research.
H&E-stained slides from the cases were reviewed to confirm the established histologic criteria. 1 Immunophenotypic analysis was performed in all cases by the standardized avidin-biotin method of Hsu et al 5 using 4-µm-thick, formalin-fixed, paraffin-embedded sections cut from a single block. ❚Table 1❚ gives the pertinent, commercially available immunohistochemical antibody panel used. When required, proteolytic antigen retrieval was performed with predigestion for 3 minutes with 0.05% Protease VIII (Sigma Chemical, St Louis, MO) in a 0.1-mol/L concentration of phosphate buffer at a pH of 7.8 at 37°C. Antigen enhancement (recovery) was performed, as required, using formalin-fixed, paraffinembedded tissue treated with a buffered citric acid solution and heated for 20 minutes in a calibrated microwave oven. 6 Following this, the sections were allowed to cool at room temperature in a citric acid buffer solution for 45 minutes before continuing the procedure. Standard positive and negative (serum) controls were used throughout.
Results

Clinical
The patients included 1 man and 2 women ❚Table 2❚. Their ages ranged from 28 to 64 years of age, with an overall mean age at presentation of 47 years. The patients sought care because of progressive nasal obstruction with discharge (occasionally malodorous), with a mass lesion involving the nasal cavity and septum and/or the maxillary sinus. Pain and epistaxis also were reported. The nasal airways often were extremely narrowed. The duration of symptoms ranged from 11 months to more than 8 years. The overall long duration of symptoms most likely is related to the generally nonspecific nature of the initial symptoms, which frequently were managed symptomatically without a specific diagnostic evaluation. The patients did not report a history of allergies, atopias, or nasal fracture (trauma). None of the patients gave a history of self-medication of the nasal cavity. With the exception of osteoarthritis and carpal tunnel syndrome, no other clinical diseases or abnormalities were reported. None of the patients had any immunologic abnormality, including immunodeficiency syndromes.
Radiographic Studies
Roentgenographic procedures were performed but tended to demonstrate nonspecific sinus opacification and septal deviation. True bony destruction of the sinuses was not identified.
Pathologic Features
Macroscopic
The lesions occurred in the nasal cavity, turbinates, and nasal septum, often causing septal deviation and destruction. Maxillary sinus extension was identified in 2 cases. The other sinuses (frontal, sphenoid, ethmoid) were not involved. The lesions ranged in size from 1.5 to 5.0 cm, described in situ as polypoid, but were usually removed as multiple small fragments of grayish white-tan to pink fleshy material. Calcifications and fragments of bone frequently were visible macroscopically but were related to the curettage and septoplasty procedure rather than indicative of bone destruction.
Microscopic
The histologic appearance was almost identical for the 3 cases. Within a single biopsy specimen, a rich, inflammatory infiltrate seen juxtaposed to a fibrotic lesion ❚Image 1❚ suggested an evolving process not only within a case but also case to case. An eosinophilic vasculitis was the common feature identified and was present without necrosis ❚Image 2❚ ❚Image 3❚. It involved capillaries and venules of the submucosa and did not involve other vessels (arterioles or small arteries). The vasculitis was accompanied by a full spectrum of other inflammatory cells, including lymphocytes, plasma cells, immunoblasts, histiocytes, and occasional neutrophils. In other areas, a concentrically layered "onion-skin-type" perivascular fibrosis was present (Images 2 and 3). This concentric fibrosis was seen to a variable degree in every case but seemed to be accentuated in the case of the patient with a long history of the disease (case 3). While an inflammatory infiltrate was noted in these areas of progressive fibrosis, it became more scarce as the fibrosis increased in density ❚Image 4❚. It was remarkable that the eosinophils remained despite the dense fibrosis. Granulomas, foreign body-type giant cells, and geographic-type necrosis was not identified. The surrounding cartilage and the overlying epithelium were uninvolved by the process.
Immunohistochemical Results
The spindle cell fibrotic areas reacted with vimentin, strongly and diffusely, as well as with collagen. These areas were nonreactive with smooth muscle actin, CD34, desmin, and S-100 protein. The inflammatory infiltrate was polytypic, reacting with B-and T-cell markers, without a specific pattern of distribution and without light chain restriction. The other markers tested were all nonreactive in the concentrically layered fibrosis. similar to those that prompted seeking care, indicative of residual disease. Whereas systemic and topical corticosteroid therapy was used at some point during the disease process in all of these patients, there was no appreciable change in the symptoms or in the histologic features. None of the patients had radiographic abnormalities of the pulmonary or renal system. There is no report of atopic disorders or known allergies. A systemic workup for a variety of collagen vascular diseases (lupus erythematosus, Raynaud disease, rheumatoid arthritis), as well as disorders with a known association with eosinophilia (Wegener granulomatosis, Churg-Strauss syndrome, Kimura disease, angiolymphoid hyperplasia with eosinophilia), was negative. Laboratory studies yielded a positive antineutrophil cytoplasmic antibody (ANCA)-cytoplasmic titer of 1:80 (negative is < 1:40) in the 28-year-old man (case 1). All other laboratory studies were negative in this patient and in the other 2 patients (specifically serum antibody titers and eosinophil counts). Granuloma faciale and erythema elevatum diutinum were not identified. The persistent nature of the disorder was exemplified by 1 patient (case 3) who initially sought care in 1991 with symptoms identical to those experienced currently. Multiple surgical excisions (1991, 1992, 1993, 1996 , and 1999) all demonstrated similar histologic features, although with an increased level of fibrosis and eosinophilia in the later material (1999) than previously observed.
Treatment and Follow-Up
Discussion
EAF is indeed an exceedingly rare and exceptional benign disease of the sinonasal tract and upper respiratory tract region. We add 3 additional cases to the 7 already reported ❚Table 3❚. [1] [2] [3] [4] Even though it is uncommon, we believe the clinical presentation and the histologic features are quite diagnostic for this lesion and agree with the original authors 1 that it is a real clinicopathologic entity.
Our study does not assist in the development of a cause for this disorder, although none of our patients yielded a history of allergies (to medications or environmental agents) or other exposures. Likewise, while all patients had multiple operations, the lesion was present before the operation, and so an iatrogenic or traumatic cause seems unlikely (no history of trauma or nasal fractures elicited). None of the patients self-medicated. There were no known immunologic diseases (congenital or acquired) in any of the patients.
All of our cases and those described in the literature occurred in adults, and we report the first case in a man. [1] [2] [3] [4] The average age at diagnosis of our patients (47 years) was in line with those reported in the literature (50.3 years). The average age at diagnosis for primary sinonasal tract EAF in the literature is 48.8 years, older than the 29 years reported for patients with EAF of the larynx only, but with so few cases reported in the English literature, a meaningful comparison is impossible. The disease tends to occur in women much more frequently than in men, but we do not have an explanation for this occurrence. Whereas immunologic disorders tend to occur in women more frequently than in men, we were unable to document any known immunologic diseases in any of the patients. Furthermore, we report the first case in a male patient (to our knowledge in a review of the literature published in English), at least documenting that the disease can occur in males.
Symptoms were nonspecific for our cases, as well as for those reported in the literature, and included a nasal ❚Image 3❚ Concentrically layered fibrosis with eosinophilia (H&E, ×300).
❚Image 4❚ Late stage of the disease with fibrosis and eosinophils but no vasculitis (H&E, ×300).
obstruction, nasal discharge, epistaxis, sinusitis, pain, and mass. [1] [2] [3] [4] Because of the rarity of this lesion and the nonspecific clinical and radiographic features, it is not surprising that the average duration of clinical symptoms in our series was more than 3 years, while the cases reported in the literature had an average of 6.6 years, with the majority experiencing symptoms for more than 4 years. [1] [2] [3] [4] The long duration of symptoms suggests a natural history of a slowly progressive upper-airway obstructive disorder, occasionally with periods of stabilization, but usually resulting in substantial narrowing of the airways. Therefore, an accurate diagnosis of sinonasal tract EAF ultimately requires histologic evaluation and confirmation.
Most of our patients' lesions involved the nasal cavity alone or a combination of the nasal cavity with the maxillary sinuses, a finding similar to those reported in the literature. [1] [2] [3] [4] Nasal cavity involvement is more frequent than laryngeal disease, but given the uncommon nature of the disease and so few reported cases, we hesitate to draw a definitive conclusion.
The roentgenographic findings were usually nonspecific and included clouding or opacification of the sinuses, bony sclerosis, and focal destruction of the surrounding sinusoidal or nasal cavity bony tissues. [1] [2] [3] [4] EAF, owing to its very nature, may extend through crevices and bone join (suture) lines, while pressure necrosis may result in spread from one sinus to another.
Sinonasal tract EAF exhibits a characteristic histologic pattern, separated by Roberts and McCann 1 into early and late stages. Both stages can be seen within a single biopsy specimen, confirming a continually evolving disease process. The eosinophilic vasculitis is quite characteristic and present in the early lesion. Whereas the whorled fibrosis (onion-skinning) is more prominent in the late stage, eosinophils are almost always present. Necrosis is conspicuous by its absence, helping to correctly characterize EAF. The immunohistochemical profile of sinonasal tract EAF confirms the nonmonoclonal or reactive lymphoid elements present and suggests the fibroblastic nature of the cellular infiltrate but is not required for the diagnosis. The immunohistochemical studies reveal nothing about the biologic potential of EAF.
The differential diagnosis of sinonasal tract EAF includes a variety of reactive (Wegener granulomatosis, Churg-Strauss syndrome, Kimura disease, angiolymphoid hyperplasia with eosinophilia, granuloma faciale, erythema elevatum diutinum, and infection) and benign and malignant neoplasms, including neurogenic tumors (schwannoma), vascular tumors (angiofibroma), and mesenchymal tissue tumors (fibroma, fibromatosis, nodular fasciitis, fibrosarcoma). [1] [2] [3] [4] 7, 8 In our series, the most commonly considered diagnoses were Wegener granulomatosis, Churg-Strauss syndrome, and fibrosarcoma. The differences in clinical manifestations between most of the aforementioned reactive disorders, combined with the general and/or specific histologic features and immunohistochemical findings, usually can separate these lesions. Churg-Strauss syndrome has fibrinoid necrosis and usually contains granulomas. Wegener granulomatosis often involves other anatomic sites, contains substantial necrobiosis, especially prominent in the form of "geographic necrosis," vasculitis, and a paucity of foreign body-type giant cells. ANCA titers have been used to follow the course of the disease but are nonspecific. In one of our patients, the ANCA titer was slightly elevated, but no other stigmata of Wegener granulomatosis-clinical, radiographic, serologic, or histologic-were present. We must hasten to add, however, that this is the first male patient, to our knowledge, to be described with EAF, and may represent a forme fruste of Wegener granulomatosis as yet unrecognized. Juvenile nasopharyngeal angiofibroma occurs in predominantly adolescent males in a specific anatomic location and is characterized by a collagenized background, haphazardly arranged vascular spaces, and stellate stromal cells without a rich eosinophilic infiltrate and a lack of whorled fibrosis. Erythema elevatum diutinum affects the face and ears, but the mucous membranes generally are spared. The papules or nodules of the skin are not described in the mucous membranes. Most of the patients are described as having an elevated erythrocyte sedimentation rate and demonstrating immunoglobulin monoclonal gammopathies. Histologically, the lesion is composed of a necrotizing vasculitis with marked hyalinization of the vessel walls. There is a fibrinoid degeneration and neutrophilic debris but usually only occasional eosinophils. Fibrin is usually abundantly present within the vessel walls. Older lesions demonstrate dense fibrosis and a capillary proliferation accompanied by extracellular cholesterol deposits. While these histologic findings are not pathognomonic for erythema elevatum diutinum, they usually do not have abundant eosinophils and do not have the concentric layered fibrosis of EAF. [7] [8] [9] Granuloma faciale is almost always on the face, but mucosal disease is exceedingly uncommon. Histologically, granuloma faciale has a dense polymorphous inflammatory cell infiltrate, usually sparing the surface. The inflammatory infiltrate is composed largely of eosinophils and neutrophils, but other lymphoid cells are present. Nuclear dust formed from the neutrophils is recognized easily, along with a prominent vasculitis present only during the early stages of the disease. Fibrosis also is found, but it is usually not prominent or arranged specifically in the early stages of the disease. Ultimately, the fibrosis is not concentrically layered. 7, 8 Our cases and those reported in the literature did not develop granulomas, mucosal surface ulceration, or changes of the submucosal glands, as is usually seen in granuloma faciale.
Kimura disease demonstrates dense lymphoid aggregates with prominent germinal centers, and while fibrosis is described, it is not the angiocentric whorled pattern identified in EAF. The epithelioid histiocytes and rich vascular proliferation of angiolymphoid hyperplasia with eosinophilia is not seen in EAF.
In general, the prognosis of sinonasal tract EAF seems to be indolent and progressive. When recurrences developed, they usually arose in the same anatomic site as the primary lesion and, therefore, more correctly represent progressive disease. [1] [2] [3] [4] Surgery ameliorates the symptoms for a time, but eventually, the disease process is relentless in its progression. Corticosteroid therapy, antibiotic therapy, and other topical agents have not been useful, further supporting our contention that this lesion may not have an allergic foundation. Cytotoxic agents have not been administered, so we do not know whether they have a beneficial result. It has been suggested that surgery may "cause" the condition to worsen, and while we cannot address this proposal directly, the identification of the disorder before surgery or clinical intervention suggests that surgery may be a confounding factor but is not necessarily a causative factor. 
